The kinetic theory of gases in the limit of zero density and that of moderately dense gases is used to generate accurate tables of the viscosity and thermal conductivity of the pure monatomic gases for zero density and for a pressure of 0.101325 MPa. The theoreticallybased tables cover the temperature range from the normal boiling point of the relevant gas up to 5000 K. The associated uncertainties of the proposed data are detailed in the paper. A comparison of the correlated data with experimental results and some other recent correlations is given.
Introduction
The existence of a sophisticated kinetic theory for zero-density gases, in conjunction with the progress that has been made with respect to high-precision measurements of the transport properties of gases, has provided the basis for the development of extensive and accurate correlations and predictions for the viscosity and thermal conductivity of many simple gases and gas mixtures. In general, one can differentiate between so-called universal correlations using the extended principle of corresponding states 1-6 on one hand and so-called individual correlations [7] [8] [9] [10] [11] . These correlations for transport properties in the limit of zero density naturally include monatomic gases 1-3.6 . Most of these recent studies follow the guidelines worked out by the Subcommittee on Transport Properties of IUP AC Commission 1.2, as does this work.
The justification for an up-to-date evaluation of the transport properties of the monatomic gases derives from recent theoretical as well as experimental results. For instance, during the last three years an almost conformal set of HFO-B type interatomic potentials has been developed I2 -ls • This forms the essential basis for our zero-density data.
The development of an improved kinetic theory of moderately dense gases 16 17 and its experimental verification l 8-21 enables the initial density dependence of the transport coefficients to be evaluated. As shown later, this effect amounts to several per cent especially at low temperatures. Finally, there are numerous new high-precision data for the thermal conductivity measured using tran'sient hot-wire techniques. At the same time, new shock tube measurements have become available 22 which extend the temperature range considerably. In connection with these results it is shown that shock tube data for helium and neon in agreement with general theoretical resulis23-2S are burdened with systematic errors due to thermal accomodation (temperature jump effect) at very high temperatures. Analogously, high-temperature viscosity data of the light noble gases should be influenced by the slip effect. The mentioned theoretical and experimental progress has formed the basis for the proposed tables from the normal boiling point of the relevant gas up to 5000 K. The tables include data at zero-density and for a standard pressure of 0.101325 MPa. The reliability of the correlation scheme used is confirmed by comparison of correlated data with experimental results at experimental pressures ( densities).
Kinetic Theory

General
In the case of transport properties it is conventional to express the properties in the form
The term Xo{T) represents the viscosity (X = 11) or thermal conductivity (X = A) in the limit of zero-density, while the term U(p,T) represents the excess property and Uc{p,T) is its critical enhancement. Here, we are only concerned with the viscosity and thermal conductivity outside the critical region, i.e. Uc(p,T) = O. On the other hand, we have to take into account the possibility of significant quantum effects for the light monatomic gases. Since such effects are to be expected with respect toXo(T) as well as U{p,T), we define for practical purposes Xo(T} and U(p,T} as the classical contributions to the transport coefficients and add quantum correction terms. Thus, we get
The treatment of the individual contributions is detailed in the following chapters.
The Classical Zero-density Contribution
The classical zero-density contribution always forms the basic contribution to the transport properties in the density region we are dealt with in this study. We have decided to base our tables on data that have been calculated from the interatomic potentials. Starting from our older results 26 • 27 we have used the recently proposed almost conformal HFO-B type potentiaJs I2 -lS • These potentials are generated on a sound theoretical basis and have been optimized using a large number of microscopic as well as macroscopic properties including data for viscosity and thermal conductivity.
It is this multiproperty fit that makes sure that the pmposed potentials are useful throughout the entire temperature range. Following this philosophy, we have {'alculated 110(T) and Ao(T) according to the Chapman-I ~nskog theorf8, i.e.
110=0.026696 (TM)I12
Ilere, T* =kT/E, E/k represents the potential well depth, cr the collision diameter, M the molar mass, k Boltzmann's constant and n(2,2)-(T*) the reduced collision integral.
A k ) and flkare the higher order correction factors. We have applied the second order Kihara approximation
and (6) with the dimensionless collision integral ratio E*. The needed potential parameters have been taken from Ref. 
2_3. The Initial Density Dependence
The contribution of the initial density dependence X1(p,T) to the excess property aK(p,T) is usually comhined with the zero-density contribution Xo(T) according to and
The so-called 2nd viscosity and thermal conductivity vi rial coefficients B'l and B" consist of three contributions:
IJ~~l represents a two-monomer contribution, B~:l a three-monomer contribution and B~r:1-D) a monomerdimer contribution. According to the theory of Rainwater and Friend 16 17 B~) = B~), whereas the other contributions are different for viscosity and thermal conductivity. The monomer-dimer terms are based on the assumption that the effective monomer-dimer potential is of a Lennard-Jones 12-6 type as it is assumed for the monomer-monomer interaction. Additionally, the ratio of energy scales (lOa) (12) In the case of helium and neon it is necessary to include quantum corrections to the zero-density transport coefficients. In fact, these contributions have been calculated using complicated phase shift routines as detailed in Refs. 14, 15, 31. By comparison with the classically calculated collision integrals it has turned out that quantum effects playa significant role up to 400 K for helium fis well as for neon. Since the calculation of the quantum mechanical collision integrals is rather cumbersome, we have used a basis set of these data as a function of temperature to evaluate correlation equations for Xo,oM{T}.
Those have enabled the correction term to be calculated for any temperature. The effect of quantum corrections to the zero-density transport properties is demonstrated in Fig. 1. 
Quantum Corrections to the Initial Density Dependence
Again, quantum corrections for helium and neon should be taken into account. There is only little theoretical work concerning this problem. In this study we have assumed that the contributions of quantum effects to the density dependence of the transport coefficients of neon are negligible within the stated uncertainty of the proposed data. Kr '. ,
of this fact we have correlated the initial density dependence of the thermal conductivity of helium below 100 K using the experimental results of Refs. 34 and 35. Above 100 K the quantum corrections to X1(p,T) become negligible. This effect is shown in Fig. 2 . Since there are no comparable measurements for viscosity, we have used the classically calculated initial density dependence above 20 K. This corresponds to larger uncertainties in 1'\ in the temperature range 20-100 K. Between 5 and 20 K only zero-density values including the quantum correction to "lo(T) are given.
Experimental Data
From a direct comparison of the entire data set of published transport property data for the monatomic gases, it is obvious that there are substantial discrepancies between various author's results (c.f. Refs. 1-3, 6, 26) . Apparently, it is extremely difficult to decide on the accuracy of reported data solely on the basis of the available literature. Therefore, we have employed two com- our study by dividing the experimental data into the categories of primary and secondary data 7-9,36. Under primary data we consider experimental data measured with apparatus of high precision for which a complete working equation and a detailed knowledge of all corrections are available. In most cases this would unduly reduce the temperature range studied. Therefore, we have also included such data in our basis set which prove consistent with the high-precision data and theoretical results as outlined before.
Secondary data are the results of measurements which are of inferior accuracy to primary data. This inferior accuracy may arise from incomplete characterization of the apparatus or from operation at extreme conditions. From Sec. 2 it becomes apparent that one always needs the characterization of transport property data as a function of temperature and density (or pressure). Therefore, under secondary data we also consider experimental results without any information about the applied density or pressure.
For the five monatomic gases, we have carried out a survey of the available data and assigned them to one of the categories mentioned above. Only primary data were used in the formulation of the tables and for the purpose of comparison. The finally selected basis sets for viscosity and thermal conductivity are detailed in Table 1 and  Table 2 , respectively. The tables include information about our estimate of the uncertainty of each datum. It is necessary to mention that in general only one set of a group has been included if there are several publications of data measured with the same instrument in the same temperature range and showing very similar general trends.
In the interest of brevity, we have not been comprehensive in collating the information about secondary data and have used for our comparisons instead some earlier representations in which these data were included.
Results
Comparison of Recommended Values with Experimental Data
The recommended data of this study (Tables 5-9 ) are compared to the primary data sets in Figs. 3-7 (viscosity) and Figs. 8-14 (thermal conductivity). The maximum deviations are also included in Tables 1 and 2 . All deviations are calculated at experimental pressures (densities) or for zero density if the usual statistical analysis of data as a function of density has been applied in order to obtain values appropriate to the zero-density limit. The agreement of almost the entire data set with the recommended values is well within the claimed accuracy of the tables (c.f. Table 4) .
It is worth noting that there are significant deviations for the thermal conductivity of helium and neon determined using shock tube measurements. This result can be explained qualitatively by means of the theory of thermal accomodation (temperature jump effects)23-2S. The experimental results have not been corrected for this effect. Since there are neither the needed complete information about the measurements nor exact working equations for these corrections, we have used the originally published data for the purpose of comparison. A rough estimate shows that the calculated deviations are significantly reduced if such corrections are applied.
(The systematic deviation of the results of Collins et al.
66
for krypton is obviously due to badly chosen calibration data.) The same as for the influence of temperature jump effects on thermal conductivity measurements seems to be true to a smaller extent for results of high temperature viscosity measurements carried out with capillary viscometers.
Comparison with Earlier Correlations
We have included comparisons with some earlier correlations in Figs. 3 Fig. 15 it becomes obvious that the agreement with our correlation is within ± 1 % in the temperature range 300 K < T < 2000 K and rises to maximum ± 2% at either temperature extreme. This is shown for the viscosity only, but, since thermal conductivity was calculated using the same collision integral, it is also true for this quantity.
We also have compared our results to correlations of Refs. 69-74. With the exception of helium and neon the agreement with earlier work is satisfactory; generally, the larger differences have appeared below T* = 1. Furthermore, the results for helium (Fig. 4 Ref. 75 we have found increasing differences with increasing temperature. These amount to about 11 per cent at 4500 K. This positive difference cannot be explained by temperature jump effects. We do not have a detailed explanation of this fact but it could also be caused by a badly chosen selection of calibration data at 1000 K for the author's experiments.
Corresponding States Analysis
As shown in Ref. 6, a two parameter theorem of corresponding states is useful with respect to the zero·den-sity transport coefficients in the range 1.0 < T* < 35. Naturally, the primary data set selected in this study is applicable to reanalyse this result and to check the consistency of our zero-density results. Moreover, this formalism provides a simple way to express the correlated data analytically within the given temperature range.
From Eqs. (3)- (6) C BC -capillary, OD -oscillating disc, OC -oscillating cup, P -porous medium. bData of Refs. 37 and 40 have been recalculated using a calibration value deduced from the thermal conductivity given in Ref. 34 at 20 K and zero-density. Table 3 .
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Tabulations
The scheme described in the first two sections has been employed to generate recommended values for the viscosity and the thermal conductivity of the monatomic gases from their normal boiling point up to 5000 K and for zero density as well as 0.101325 MPa. At a certain temperature the contribution of the initial density dependence vanishes. Therefore, the tables for higher temperatures contain only one column for viscosity and thermal conductivity, respectively. Table 4 gives a survey of relative uncertainties for the five gases.
The recommended values are listed in Tables 5-9 . The temperatures have been chosen in a way that enables the values at intermediate temperatures to be calculated by linear interpolation without any loss of accuracy.
Conclusions
Tables of accurate and reliable data for the viscosity and thermal conductivity of the five monatomic gases, hased upon a limited set of ac.curate experimental data and the kinetic theory, has been presented. For each gas the uncertainty of the recommended values is detailed. From a comparison of the proposed data at zero density and at 0.101325 MPa the importance of the initial density dependence especially at low temperatures becomes obvious.
